(1). A third example on February 8, 1991, shows the alignment of a cavity/arc pair with the local streamline at the edge of an E region auroral arc. This last example illustrates the difficulty in establishing the relative dominance of either mechanism for a particular event. The continued association of cavities with auroral precipitation and failure to detect elongated cavities or those oriented along the local convection streamline lead to the conclusion that cavities are probably created by localized field-aligned currents.
In the original study [Doe et al. 1993 ] hereafter referred to as paper 1], radar-measured plasma parameters and a model neutral atmosphere were used to examine chemical recombination and vertical diffusion as cavity formation mechanisms; these mechanisms were shown to be nonviable for the examples presented. The results in paper i did not provide information to distinguish between two other possible cavity formation mechanisms: convecting gradients and downward field-aligned currents (FACs). In the convecting gradient, or "drift mechanism," an existing electron density depression in the polar cap is convectively distorted and stretched out along an E x B streamline during transit to the nightside oval. Although the alignment of an evolving, elongated structure need not be exclusively parallel to the local streamline, especially near regions of diverg-ing convection streamlines, modeling results reported herein suggest that most mature (lifetime ,.
•4 hr), thin structure is stretched out along the flow direction.
Cavity creation by this method requires an initial polar cap "seed" density depression. The density depletion at the core of the seed should be sufficiently deep to allow cavity formation in a time scale over which the convection pattern remains stable. Although the precise details of seed formation need not be specified, it could result from mechanisms previously rejected in paper i as too slow for rapid, in-situ cavity creation. These processes included localized, enhanced chemical recombination and vertical diffusion. The scale size of the seed can span a wide range of values, although a narrow seed would, in essence, already qualify as a cavity. As a starting point, this study will focus attention on the creation of cavities from the convective distortion of density depressions on the largest scale (•-600 km).
This scenario is analogous to the mechanism posed by Robinson et al. [1985] for the production of medium-scale ionization enhancements from the distortion of a large-scale plasma "blob." The global convection pattern affects the evolution of plasma structure in three ways: (1) it stretches the seed into an elongated shape, (2) it steepens gradients at the edge of the density depression and (3) it moves the structure into the radar field of view. A model of auroral cavity formation via this mechanism is presented in section 2 to compare with the observations of paper i and to illustrate the motivation for the subsequent validation experiment reported herein. all-sky optical imager was used to establish the auroral arc context for radar cavity observations. Section 3 describes the experimental plan and provides a brief summary of the February 1991, campaign. The subsequent sections describe two morning sector cavity events that lend support to the FAC mechanism. A final case study period shows a cavity adjacent to an auroral arc which is aligned with a large-scMe zonal flow channel. This cavity event may be under the influence of both FAC and drift formation mechanisms.
MODELED DRIFTING GRADIENTS
The Robinson et al. [1985] model for the production of medium-scMe F region structure shows that a nightside "tongue" of L shell-aligned ionization can form from a circular ionization enhancement after 4 hours of steady state convection. If the initial density structure is assumed to be a density depression, rather than an enhancement, then the final feature will be observed in the magnetic meridian as a narrow density depression, or cavity. Heelis [1992] , in a steady state model of polar cap "patch" formation, points out that ionization gradients perpendicular to the plasma flow are easily formed by the action of convection alone. The model described herein is used to qualitatively determine the possible source regions for cavities created by the drift mechanism. The model additionally seeks to determine the time scale required to create the relatively deep depletions observed in cavities from large-scale plasma depres-sions with relatively shallow cores. The classic "polar hole" will serve as a model for such seed structure as it is the largest density depletion observed in the polar cap and has a well documented density profile.
While it might seem intuitive to assume that a distorted plasma gradient will stretch out along E x B convection streamlines, modeling suggests that intermediate-scale features, which are larger than the latitudinal width of cavities, will form at significant angles with respect to the flow. Seed density structure on convection streamlines that diverge, as in the case of the those that connect to the Harang discontinuity, will also form elongated structures that are not parallel to the local flow. In such cases, the seed will stretch as it crosses the discontinuity as one part tries to convect westward and another part tries to convect eastward. Nevertheless, seed structure on paths that thread through regions of converging equipotentials, such as the convection "throat" region, or on paths that approach stagnation points will form elongated structure parallel to local streamlines. Multiple runs of this model indicate that thin cavity structure will form over the Sondrestrom radar as long as the initial density depression is placed within 2 hours MLT of the convection throat region (70 ø latitude and 1000 MLT). This result is reasonable since the growth rate for gradients on scale of a cavity is directly proportional to the velocity parallel to the initial gradient, provided velocity structure exists on the same scale size. Kelley [1989] quantifies this relationship in a description of the anisotropic evolution of drifting F region structure in a convection electric field that has spatial structure orthogonal to the initial plasma gradient. This relationship can be cast in terms of the convection velocity, L '
where '7 is growth rate, v (k) is the velocity parallel II to the initial gradient, and L is the initial gradient scale length. The convection throat region is characterized by both enhanced velocities and velocity gradients at the same scale size as a cavity. Equation (1) implies that increasing the velocity at the polar hole boundary can increase the growth rate of cavity scale structure. Indeed, To summarize, this model suggests that cavities should be elongated and relatively long-lived. The model predicts that these features should be oriented with the local streamline, provided measurements are made far from regions of significant flow divergence. Thus only morning sector events located poleward of 72øN invariant latitude (presumably far from the rang discontinuity) are reported herein.
EXPERIMENTAL PLAN

Cavity detection
The February 1991, period was chosen, on the basis of the results in paper 1, to maximize the statistical likelihood for cavity observation and opportunities for all-sky imaging. Initial cavity detections were made by sampling the magnetic meridian with 5-rain, 120 ø elevation scans in an alternating S-N and N-S "windshield wiper" mode. The angular and range resolution of these scans were designed to yield approximately "square" samples at 300 km. Once a cavity was detected, the elevation range was reduced to 90 ø (centered on the cavity), in order to maximize time resolution. Monochromatic all-sky images at 6300-J• and 4278-J• were gathered throughout the event to establish the orientation of arcs near the cavity. :.
•.. by drifting enhancements. All available drift data suggest strong cross-arc drift during the period of cavity formation, casting doubt on the drift mechanism. The close proximity of a significant conductivity gradient to the cavity can alternatively be interpreted in the framework of a current system. In such a scenario, the narrow field-aligned finger of ionization associated with the cavity would be caused by an upward field-aligned current, presumably associated with relatively soft, quiet time precipitation. This current would close to an evacuation current over the cavity.
This cavity event is therefore attributed to a fieldaligned current poleward of the traditional region 1 current system, perhaps similar to the IMF Bz north system recently suggested by Taguchi [1992] .
The radar observations of February 8, 1991, with a stationary arc assumption, show that the cavity and associated arc remain as a streamline-oriented pair for a 30-min period. Steady field-aligned currents, drifts or a combination of the two mechanisms could explain this observation.
CONCLUSIONS
This study considered convective distortion and field-aligned evacuation mechanisms as the primary processes for the creation of auroral cavities. A1-
